INTRODUCTION
============

Pancreaticoduodenectomy (PD) is a technically demanding operation involving extensive surgical resection and reconstruction. Despite its high risk associated with surgical procedures, the operative mortality rate of PD has gradually decreased from 30% to 1-2% over the past 3 decades. Systematic reviews and meta-analyses of volume-outcome relationships in pancreatic surgeries have indicated that refinements in surgical technique and the regionalization of PD to high volume centers were keys to improve outcomes.[@B1] Improvements in patient selection, intensive care, and nutrition play important roles in the reduction of mortality. Although malnutrition is a significant factor in postoperative outcomes, the optimal method for postoperative nutritional support after PD is currently unclear.

Traditional postoperative care after abdominal surgery includes the introduction of a nasogastric tube and starvation until bowel movement resumes. However, early oral feeding (EOF) omits the nasogastric tube placement or entails tube removal at 6-24 hours after surgery and starts oral intake of liquids and soft diet at will. Traditional management has shown no benefits compared to EOF.[@B2],[@B3],[@B4]

Many surgeons fear that postoperative EOF may cause mechanical injury at the anastomosis site or feeding intolerance in patients who have undergone PD. Few studies to date, however, have evaluated the efficacy of EOF after PD. Therefore, the objective of this study was to evaluate the clinical feasibility, safety, and nutritional effects of EOF after PD compared to TOF.

MATERIALS AND METHODS
=====================

This retrospective study using historical controls involved 131 patients, who underwent PD at Chonbuk National University Hospital from October 2003 to April 2013. Of these 131 patients, 30 had pancreatic cancer, 39 had ampulla of Vater cancer, 36 had distal bile duct cancer, 4 had duodenal cancer, 13 had intraductal papillary mucinous neoplasms, 3 had gallbladder cancer, 3 had trauma, 2 had chronic pancreatitis, and 1 had a pancreatic endocrine tumor. These patients were divided into EOF and traditional oral feeding \[TOF\] groups. The EOF group consisted of 81 patients who underwent PD since 2007 and started oral calorie intake within 48 hours after PD. All patients were encouraged to ingest tolerated amounts of water within 24 hours and a liquid diet within 48 hours after PD, with oral intake commenced carefully and adjusted according to patient tolerance. The TOF group consisted of 50 patients who underwent PD before 2007. Patients in the TOF group initially received total parenteral nutrition and started oral intake after bowel movement resumed.

We have performed a classic Whipple resection or pylorus-preserving pancreaticoduodenectomy (PPPD). Reconstruction was performed as a duct-to-mucosa pancreaticojejunostomy (end-to-end fashion), then a duct-to-mucosa choledochojejunostomy (end-to-side fashion), a retrocolicgastrojejunostomy (end-to-side fashion) in PD, or a retrocolicpylorojejunostomy in PPPD (end-to-side fashion), and a jejunojejunostomy (side-to-side fashion).

Postoperative outcomes including complications, energy intake, and length of stay (LOS) were analyzed. Postoperative complications included pneumonia, wound infection, intra-abdominal abscess, anastomotic leakage, delayed gastric emptying (DGE), upper gastrointestinal bleeding, postoperative bleeding, pleural effusion, small bowel obstruction, and reoperation. DGE was defined as nausea, vomiting, gastric distension or significant discomfort resulting in the discontinuation of oral feeding, as defined by the International Study Group of Pancreatic Surgery (ISGPS).[@B5] The energy of postoperative nutrition allocated by the nutritional support team was initially calculated as kcal/day per patient and later expressed as percentage of necessary energy (25 kcal per kg body weight per day). The necessary amount of postoperative protein was set to be 1g per kg body weight per day.

Categorical variables were expressed as number (percentage) and compared using Fisher\'s exact tests and chi-square tests. Continuous variables were expressed as mean±SD and compared using Student\'s *t* tests. All statistical analyses were performed using SPSS 18.0 for Window (SPSS Inc., Chicago, Illinois, USA). A value of *p*\<0.05 was considered statistically significant.

RESULTS
=======

This study included 131 patients (87 men and 44 women, of mean age 61.1±10.6 years, range, 33-84 years). All patients showed satisfactory recovery after PD and were discharged from our department. The age, sex, weight, height and body mass index (BMI) of the EOF and TOF groups were similar. LOS (25.9±8.5 days vs. 32.3±16.3 days; *p*=0.01) were significantly shorter in the EOF than in the TOF group ([Table 1](#T1){ref-type="table"}).

A detailed description of postoperative complications is shown in [Table 2](#T2){ref-type="table"}. The rates of wound infection, intra-abdominal abscess, upper gastrointestinal bleeding, pleural effusion, pneumonia, postoperative bleeding and small bowel obstruction were similar in the two groups. However the rates of anastomotic leak (1.2% vs. 16%; *p*=0.00) and reoperation (3.7% vs. 20%; *p*=0.01) were significantly lower in the EOF than in the TOF group.

Of the 81 patients in the EOF group, 30 (37%) experienced DGE, with 21 requiring insertion of a nasogastric tube. Of these 21 patients, 9 (42.9%) showed resolution of DGE within one day and 19 (90.4%) within 5 days. Hospital stay was significantly longer in the 30 EOF patients with DGE than in the 51 without DGE (29.5±9.0 days vs. 23.8±7.5 days; *p*\<0.05) ([Table 3](#T3){ref-type="table"}).

From postoperative days (POD) 1 to 14, patients in the EOF and TOF groups received 30% and 17%, respectively, of their energy goals through the enteral route and 41% and 51%, respectively, through the parenteral route. In addition, patients in the EOF and TOF groups received 23% and 14%, respectively, of their protein goals through the enteral route and 41% and 52%, respectively, through the parenteral route. The mean daily calorie intake (1018 vs. 972 kcal; *p*=0.30) and protein intake (44.3 vs. 44.4 g; *p*=0.98) from POD 1 to 14 were similar in the two groups. In the clinically acute phase, from POD 1 to 5, however, the mean daily calorie (847.0 kcal vs. 745.6 kcal; *p*=0.04) and protein (42.2 g vs. 31.9 g; *p*=0.00) intake were significantly greater in the EOF than in the TOF group. From POD 1 to 5, patients in these two groups also differed significantly in their mean percentages of total daily calorie intake (60.1% vs. 51.3%; *p*=0.02) and protein intake (62.1% vs. 45.9%; *p*=0.00) ([Fig. 1](#F1){ref-type="fig"}).

DISCUSSION
==========

In the past, patients who underwent major gastrointestinal surgery having an intestinal anastomosis were not fed orally, primarily to stabilize the intestinal anastomosis to avoid possible mechanical pressure induced by food passage. However, it remains unclear whether delayed postoperative oral feeding would enhance recovery after surgery, especially since a period of starvation following gastrointestinal surgery showed no benefits to patients.[@B6] In addition, experimental and clinical studies have suggested that early postoperative enteral feeding could enhance wound healing and anastomotic integrity while reducing septic complications.[@B7],[@B8] Little was known, however, about the efficacy of EOF after PD.

Early postoperative enteral feeding has been shown to be superior to parenteral nutrition in supporting function of the immune system, reducing infection rates, and maintaining gut integrity.[@B4],[@B6],[@B8],[@B9] Early postoperative enteral feeding has been associated with increased rates of nausea, vomiting, diarrhea, abdominal distension, excess gas production, feeding tube related complications, DGE, and patient intolerance to feeding.[@B10] Therefore, full nutritional support only through enteral feeding is quite difficult.

It has been reported that total parenteral nutrition was not as effective as standard means of postoperative nutritional support for patients undergoing major pancreatic resection for malignancy.[@B9] In fact, total parenteral nutritional support for patients following major pancreatic resection significantly increased complication rates, with most of these complications associated with infections. Clinical studies have suggested that the combination of enteral and parenteral nutrition is better than either one alone after pancreatic surgery. For example, a comparison of enteral feeding with the combination of enteral and parenteral nutrition revealed that the dropout rate in the enteral group (62.5%) was significantly higher than that in the combined group (11.1%) due to gastrointestinal side effects.[@B10]

To facilitate recovery and nutritional support after PD, we discontinued preoperative nasogastric tube insertion and introduced EOF in 2007. The combination of EOF with side-to-side jejunojejunostomy is especially advantageous to decrease DGE by maintaining the myoelectric activity of the gut and protecting the gastric mucosa from alkaline reflux.[@B11] EOF has been found to stimulate enterocyte growth, improve mucosal barrier functions, decrease bacterial translocation, and stimulate small bowel peristalsis within hours after laparotomy.[@B12],[@B13],[@B14],[@B15],[@B16] EOF can provide natural and adequate nutrition, therefore avoiding the need for prolongedparenteral nutritionwhich can lead to the intestinal membrane to atrophy and higher hospital expenses.

EOF within 24 hours has been shown to be safe in patients following major upper gastrointestinal surgery such as gastrectomy and Whipple\'s procedures.[@B4] The first large randomized trial to question the existing routine of nil by mouth in patients undergoing upper gastrointestinal surgery found that nil by mouth was unnecessary in most patients. A prospective trial has found that early postoperative enteral feeding may contribute to decreased rates of postoperative morbidity and mortality by improving protein metabolism.[@B17] Our analysis of postoperative complication rates after PD also demonstrated that, compared to TOF, EOF had significant positive effects, including lower rates of anastomotic leakage and reoperation.

The median LOS after PD in the Republic of Korea, as determined by reviewing Korean health insurance claims, was 26.9 days in 2013. This LOS, and the median LOS of 25.9 days in the present study, is somewhat longer than those reported in Western countries. This could be due to the unique social insurance system in Korea, in which the cost of hospitalization is kept relatively low. Therefore, patients are inclined to stay longer than the optimum LOS. The average LOS in the EOF group was six days less than in the TOF group, which was both clinically and economically important. Reduction in hospital stay might indicate a more rapid return of gastrointestinal function and a decreased rate of postoperative complications.

EOF can supply targeted amounts of calories and protein better than TOF during early postoperative stages. We found that protein and energy intake in the EOF group was lower than that of a previous study.[@B10] The intake data might be improved by more intensive and effective care.

This study has several limitations, including the relatively small number of patients and its retrospective design. Therefore, a prospective trial comparing EOF with TOF after PD in a large number of patients in the future is needed.

In conclusion, postoperative EOF is a clinically safe, feasible, and effective method of nutritional support in patients who have undergone PD. Moreover, compared to the traditional management, EOF after PD significantly decreased LOS without increasing complication rates.
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Demographic and clinical characteristics of the EOF and TOF groups
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EOF, early oral feeding; TOF, traditional oral feeding; BMI, body mass index; PPPD, pylorus-preserving pancreaticoduodenctomy; LOS, length of stay.
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Postoperative complications in the EOF and TOF groups
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EOF, early oral feeding; TOF, traditional oral feeding; ISGPS, International Study Group of Pancreatic Surgery; UGI, upper gastrointestinal. ^\*^In the TOF group, the incidence of delayed gastric emptying could not be evaluated because all patients had to keep the nasogastric tube as traditional routine practice.
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Characteristics of patients in the EOF group who did and did not experience postoperative delayed gastric emptying
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EOF, early oral feeding; NG, nasogastric; POD, postoperative day; LOS, length of stay.
